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ORIENTATION 
It is generally agreed that the level of humidity1 in the air exerts a pro-
found effect on the feeling of comfort in man, particularly in hot weather, and 
that this humidity effect increases with increasing temperature. Our problem 
is to determine how this affects cattle at various environmental temperatures, 
particularly above 70°F, when the rectal temperature begins to rise. There is 
no problem of the depressing effect of high humidity on evaporative cooling 
at low temperatures when the animal does not need to be cooled by vaporiza-
tion, when there is little skin moisture to vaporize, and when the moisture-
holding capacity of the air is insignificant as presently explained. 
There are two aspects to the effect of humidity at high temperatures: the 
common-sense aspect, generally understood; and the theoretical aspect on which 
we are not too clear. 
The common-sense aspect of the effect of humidity on man in hot weather 
is that man's sweating rate increases rapidly (at 15 to 20% for an increase of 
''' The data for milk compos1tton in Figs. 8, 9, and 11 were obtained by J. W. Cobble under the supervision of H. A. Herman. 
"'Humidity" refers to the moisture, in the form of vapor, in the given air. The follow-ing indices of humidity-usually computed from wet- and dry-hulb temperature readings-have been used by different authors: absolute humidity, weight of water vapor per unit volume of air; specific humidity, weight of vapor per unit (Kg) weight dry air; vapor pressure of the moisture in the atmosphere, usually in terms of mm Hg; relative humidity, the percentage ratio of vapor in the given air compared to the maximum vapor it can hold at the given temperature and pressure, or the percentage ratio of the partial pressure of the vapor in the given air to the pressure of its vapor when fully saturated at the same tempera-ture. A fifth index of humidity is the dew point, the temperature at which the vapor con-denses. Some graphical and numerical interrelati·ons between several indices of humidity are given by H. H. Kibler in Mo. Res. Bui. 531. An intriguing sixth index of humidity is saturation deficit, an approximate measure of the moisture-absorbing capacity of the atmos-phere. It is the difference in vapor pressure of the air temperature at 100 per cent relative humidity and at the observed relative humidity at the same temperature. For conversion tables, see Marvin, C. F ., Psychrometric Tables, USDA Weather Bureau. For the meanin11; and criticisms of some indices of humidity, see Thornthwaite, C. W., Atmospheric moisture in relation to ecological p~oblems. Ecology, 21, 17, 1940. 
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1°C) with increasing atmospheric temperature above about 80°F (see Fig. 3b, 
Mo. Res. Bui. 515). If the air is dry (low humidity), and breezy, the sweat 
vaporizes quickly leaving the skin dry, and also cool, because the latent heat 
(cooling effect) of vaporization of moisture is extremely high, about 600 kilo-
calories per 1000 grams moisture. On muggy days, however, when the at· 
mospheric moisture is high (high humidity), vaporization-and therefore 
evaporative cooling-from the body surface is depressed, and the skin remains 
moist and uncomfortable. A major functioh of air-conditioning is to reduce 
the humidity, thereby promoting body surface vaporization and cooling. Fan-
ning, or wind, accelerates vaporization by replacing the moist air layers in 
contact with the body surface by drier air. In brief, the factor limiting evap-
orative cooling in hot weather in profusely sweating man is not lack of outer· 
surface moisture, but excess of atmospheric humidity which depresses the 
vaporization rate of the moisture. 
In apparently non-sweating cattle, 2 on the other hand, it appears that 
evaporative cooling is limited more by J.ack of outer-surface moisture for va-
porization than by excess of atmospheric humidity. Cattle attempt to compen-
sate this lack by panting, by increasing the respiratory vaporization, (pp. 15-17, 
Res. Bui. 435; pp. 15-16, Res. Bui. 450; pp. 8-9, Res. Bui. 464; pp. 10-11, 
Res. Bui. 473) * and this should help a great deal , since the ever moist respira· 
tory surface is said to be (at least in man) 30-fold that of the outside surface~. 
The increase in respiratory vaporization in cows with increasing respiration 
rate is, however, less than expected from the labored breathing (pp. 14-15, 
Res. Bui. 461; pp. 13-14, Res. Bui. 497, and in the forthcoming Res. Bui. 522). 
Moreover, the increase in respiratory cooling resulting from panting, is partly 
counteracted by the increased heat production associated with the "work" of the 
increased respiration rate4 • It would thus seem that, slightly- or non-sweating 
species-with the possible exception of the dog5 that has a long drooling tongue, 
the elephant that sprinkles water over himself, and such animals as cats that 
moisten their surface with saliva-are not likely to be affected as much by 
atmospheric humidity as is man. 
'Helge Ederstrom's unpublished observations on our European- and Indian-evolved cat-
tle indicate that neither "sweat." The outer surface moisture loss in cattle reaches the 
surface as ''.osmosis", " physical permeability", or "diffusion"· rather than by glandular (sweat-
ing) activity. However, just as there are occasional congenital non-sweating humans, so 
there are occasional congenital sweating cattle. J. D. Findlay has a sweating Ayrshire heifer. 
*All research bulletins thus listed without more specific identification are publications 
of the Missouri Agricultural Experiment Station. 
'Burch, G. E., Water and heat loss from the respiration tract of man. Arch. Int. Med., 
76, 308-327, 1945. 
•cf., Benezra, M. V., Rev. Fae. Ing. Agr. , Maracay, Venezuela, No. 1, Junio 1952. 
"Data on the effect of temperature on panting and "sweating" in dogs: Robinson, K., 
and Lee. D. H. K., Reactions of the dog to hot atmospheres. Proc. Roy. Soc. Queensland, 
53, 171-188, 1941; Aoki, T., and Wada, M., Functional activity of the sweat glands in the 
hairy skin of the dog. Science, 114, 123-124, 1951; Anrep, G. V. , and Hammouda, M., Obser-
vations on panting. J. Physiol., 77, 16-34, 1932; Hemingway, A., The panting response of 
normal dogs to measured dosages of diathermy heat. Am. J. Physiol., 121, 747-754, 1938 ; 
Flinn, F. B.. Some effects of high environmental temperature on the organism. Public Health 
Rep., 40, 868-896, 1925. 
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The theoretical aspect of the effect of humidity is that the rate of moisture 
vaporization from the body surface to the environment is proportional to the 
difference in vapor pressure of the two, and the lower the humidity of the envir-
onment, the lower its vapor pressure, and therefore the greater the vaporization 
rate from the animal. This is obvious. But there are more complex aspects, 
particularly those relating to differences in the physiological effects of humidity 
at low and high temperatures, and to the diversity of the humidity units1 em-
ployed, and their significance. 
Some of the complications may be concretely illustrated as follows : 
1. At 100 per cent relative humidity\ the vapor pressure at 80°F environ-
mental temperature is double that at 60°; if the vapor pressure of the body 
surface were to remain the same at 80° and 60°F, the rate of vaporization from 
the body surface would be half as much at an environmental temperature of 
80° than at 60 °F. However, the vapor pressure of the body surface is almost 
certainly different at 80° than at 60°F environmental temperature, hence we do 
not know how the vapor pressure difference between body surface and environ-
ment changes, nor how evaporative cooling rate is likely to change with chang-
ing environmental temperature from 60° to 80°F. 
2. At 100 per c~nt relative humidity, air holds 20 grains moisture per 
cubic foot at l00°F; 4 grains at S0°F; 1h grain at 0°F; that is, the absolute 
humidity (and therefore, the absolute vapor pressure) in the air remains 
insignificant at 0°F even if the relative humidity changes by 100 per cent. Very 
wide changes in relative humidity at low temperature are not, therefore, as likely 
to change the evaporative-cooling rate from the animal. (But one cannot he 
sure, because the vapor pressure of the outer skin is probably ·also very low in 
cold weather and the rate of evaporative cooling depends, as already explained, 
not on the vapor pressure of the air, or on the vapor pressure of the skin, but 
on the vapor-pressure difference between air and skin.) At 100°F, howe,;er, 
an increase from 0 to 100 per cent relative humidity adds 20 grains moisture 
per cubic foot--40-fold that at zero-with, perhaps, correspondingly great evap-
orative cooling effects on the vaporization rate of the animal. (But here, again, 
one cannot be sure, especially in non-sweating species, because the vapor pres-
sure of the skin may also be very high in hot weather and the rate of evaporative 
cooling depends not on the vapor pressure of the skin or of the ai'r but on the 
vapor pressure difference between air and skin.) 
3. The range between the highest and lowest levels in absolute humidity 
(and vapor pressure) declines rapidly with declining temperature from 20 
grains at l00°F to 1h grain at 0°F; hence, it is not possible to compare the 
physiological effects of the same absolute humidity, say 20 grains at 0° and 
l00°F because the maximum moisture that air can hold is only 1h grain at 0° 
but 20 grains at 100°F. Because of the uniformly wide range in relative humid-
ity-but not of absolute humidity or of vapor pressure-that can be attained 
at low and high temperatures, and because relative humidity is the most widely 
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understood and used index of humidity, · the physiological reactions of our 
animals are here presented as function of atmospheric relative (rather than 
absolute) humidity or vapor pressure. Since all indices of humidity are com-
puted from dry-bulb and wet-bulb thermometers, or from dry-bulb tempera-
tures and another index of humidity, the tables in this report have the dry-bulb 
thermometer reading, and also relative humidity, so that others may translate 
the data into their preferred index of humidity1 • 
The practical simplicity of the use of relative humidity in physiological 
studies does not, however, mean that effect of relative humidity on the physio-
logical reactions is simple. On the contrary, it is complex as indicated by the 
above three examples; especially by the fact that a change of 100 per cent in 
relative humidity at 0°F is virtually without effect on the levels of atmospheric 
absolute humidity or vapor pressure, and therefore probably without effect on 
evaporative cooling from the animal. It is, furthermore, important to remem-
ber that the rate of evaporative cooling is dependent not only on the atmospheric 
humidity, but 'also on the available moisture to the skin and on its vapor pres-
sure. 
If atmospheric humidity has no significant physiologic effect at low tem-
peratures, why, then, does the incidence of calf pneumonia. increase with increas-
ing humidity in cold barns? The apparent explanation is that when ventilation 
is poor, the cold walls and floor cause condensation of moisture. Local chill-
ing (increased floor and hair conductivity and drafts) results, and combined 
with bad hygiene {germs in the floating moist particles in the air) cause pneu-
monia. These conditions of wetness and bad hygiene, resulting from local 
drafts 'and poor ventilation, should not be confused with the physiological effect 
of atmospheric humidity on evaporative cooling from the animal. 
Because of above listed theoretical and practical uncertainties concerning 
the physiological significance of humidity on animals, particularly on evapora-
tive cooling of non-sweating cattle, the only available approach for finding 
out how humidity affects the animals at different temperatures is to measure 
the physiological reactions, such as body temperature and milk production, 
and that is what we have done, and are reporting in this bulletin. 
LITERATURE 
There appear to be no laboratory reports on long continuous (day and 
night) exposures (2 weeks) to constant relative humidity and temperature. 
Lee's6 exposures were for only 7 hours . Lee's data do not seem to show signifi-
cant effects of humidity at temperatures below 75°F. Fig. 1, which we plotted 
from Lee's data6 shows that respiration rate-a homeothermic mechanism-is, 
"Lee, D. H. K., et al. Reaction of the fowl, rabbit, pig, cat, dog, and sheep to hot 
atmospheres. Proc. Roy. Soc. Queensland, Brisbane, Australia, Vol. 53, Nos. 7 to 12, 1941. 
Riek, R. F. and Lee, D. H. K., Reactions to hot and cold atmospheres of Jersey cattle. J. 
Dairy Res. 15, 219-32, 1948. 
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Fig. 1. This chart, prepared by us from data by Lee et al', brings out the relative sensi· 
tiveness of several species to increasing humidity at various temperatures and demonstrates 
that the higher the temperature the lower the humidity at which respiration and rectal tem-
perature are affected. The level of relative humidity does not appear t·o affect the animals 
below about 75°F. 
as was expected, more and earlier affected by nsrng humidity than is rectal 
temperature. The effect of atmospheric humidity is less pronounced than the 
effect of atmospheric temperature. 
Summarizing Lee's6 results (in Fig. 1): No effect of humidity is evident 
in the non-sweating fowl, which was unable to withstand 7-hour exposures above 
l00°F at any humidity. The cat, which moistened itself with saliva for increas-
ing vaporization, showed considerable effect of humidity beginning with 75°F 
and was unable to withstand temperatures of 105°F and 65 per cent humidity 
for 7 hours. The dog showed more effects of increased humidity beginning 
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with 75 °F, and using its long tongue as a means of heat dissipation, was able 
to withstand 7-hour exposures of 105°F and 65 per cent humidity and ll0°F 
at 45 per cent humidity. The sheep began to show the effect of humidity at 
75°F and withstood 7-hour exposures ·at ll0°F and 65 per cent humidity. The 
greater heat tolerance of the sheep was attributed to increased evaporation by 
sweating. Although none of the animals studied by Lee were able to tolerate 
7-hou.r exposures of higher temperatures and humidity than those given, shorter 
exposures at 105°F and 75 per cent relative humidity and ll0°F and 65 per 
cent relative humidity were tolerated by all species7 • The higher the tempera-
ture, the lower the humidity which an animal can tolerate. 
Lee's6 data on the effect of humidity on the pig are questionable since at 
some temperature levels there were declines in respiration rate and rectal tem-
perature with increasing humidity and also because Heitman and Hughes" found 
that when their psychrometric room was maintained at 96°F, the rectal tempera-
ture in 200-lb. hogs was 2.5 °F higher and the respiration rate 100 per cent 
higher at 94 per cent than at 34 per cent relative humidity. An instructive 
observation 8 was that when a hog urinated or defecated, the other hogs wallowed 
in the moisture and turned over, giving the impression of trying to keep the 
wet surface exposed. Differences in exposure to urinary or fecal moisture 
may explain the discrepancies between the results obtained by Heitman and 
Hughes8 and by Robinson and Lee6• 
EXPERIMENT 
As shown in Table 1, this progress report covers two experimental periods: 
1. "Winter 1950," concerned with the effect of humidity at temperatures 
12° and 40°F on six lactating Holsteins in one chamber and six lactating Jer· 
seys in another. 
2. "Summer 1951," concerned with the effect of humidity at temperatures 
75°, 85°, 95° and l00°F, on 3 lactating Holsteins and 3 lactating Brown Swiss 
cows in one chamber, and 2 lactating J~rseys , 2 dry Jerseys, and 2 dry Brah-
mans in the other chamber (one Jersey and one Brahman were dry 2-year-old 
heifers). 
There were "control" conditions for both periods during which the cham-
bers were brought back to either 50° or 65 °F and about 65 per cent relative 
humidity. 
Table 1 shows the •average temperatures and humidities 
(the temperatures of air and walls were virtually the same). 
pertinent information on the experimental animals. 
of the chambers 
Tab}e 2 gives 
The animals in these experiments were managed like those in the preceding 
'We were informed by Wallace Ashby of the BPISAE, USDA, that "Chickens in the 
poultry calorimeter at Beltsville withstood temperatures of ll9°F. and 80 per cent relative 
humidity for one hour." 
8Heitman, H., Jr., and Hughes, E. H., The effects of air temperature and relative humid-
ity on the physiological well being of swine. J . Animal Sc., 8, 171-181, May, 1949. 
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experiments (Mo. Res. Buis. 425, 449, 460, and 471). Cut alfalfa hay was fed 
ad libitum; all left-over hay was air-dried for three days before being weighed 
and deducted from the amount offered. Grain mix, including cod liver oil sup-
plement (as reported in Table 3, Res. Bul. 425), was fed twice daily. The Hol-
stein and Brown Swiss cows were fed 4 pounds beet-pulp daily and the Jersey 
and Brahmans were fed 2 pounds daily. Water was provided at all times in 
individual drinking cups; time and amount drank was automatically recorded 
(Res. Bui. 460 gives technical details). 
DATA 
As explained above, changing humidity is not likely to affect the physio-
logical reactions at low temperatures. This is indeed the case as shown by the 
data on our cattle in Table 3 and in Figs. 10 and 11 (shown in the Appendix). 
The fluctuations in the curves from unknown causes exceed those with changing 
humidities at 12° and 40°F. 
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At higher temperatures, above about 75 °F, increasing humidity definitely 
depressed the milk production and feed consumption in all animals. This is 
shown in Figs. 2 to 4 plotted against calendar time (Table 1 ) on arithmetic 
paper ·and summarized in. Fig. 5 plotted against environmental temperature on 
arithlog paper. 
The apparently lower levels in Figs. 2 to 4 of the low humidity (" L") 
curves contrasted to the curves under control ( 65% humidity) conditions ("C") 
is an illusion created by connecting the observed points at different temperatures 
for a given humidity level or connecting all the data at the control conditions 
of 65° , 65 % r .h., which were scheduled between the various temperature levels 
of 75 °, 85°, 95° and 100°F. 
At temperature 75 °F the effect of humidity on feed consumption (Figs. 2 
and 4 ) was not significant; at 85°F, however, the depression in the feed con-
sumption was greater at high than low humidity, and this difference increased 
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Fip;. 4. Hip;h humidity has a greater depressing effect than low humidity (at a given 
temperature) on TDN consumption and milk production in Jersey cows. The differences 
between the effects of hip;h and ·low humidity levels for a given temperature appear to he 
less in dry Brahman than in dry Jersey cows. 
with increasing temperature. An ~nteresting feature of these charts is the 
rapid recovery to the "normal" level of feed consumption upon return to the 
control 65 • temperature. The greater the depression in feed consumption the 
longer the period of recovery on returning to 65°F, but within two weeks the 
feed consumption always returned to the original level. 
Similar curves were obtained for milk production (Fig. 3 and upper sec-
tion of Fig. 4). No significant effect of humidity level was observed at 75 °F; 
at 85°, 95° and I00°F, however, the milk production at high humidity was 
considerably below that at low relative humidity levels. In milk production, 
too, the recovery upon return to 65 • F is quite dramatic although it does not 
return to quite its original level. · 
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The parallelism of the TDN consumption and milk production curves is 
striking. While the hay was fed ad libitum, the grain allowance was varied (as 
is customary in dairy practice) with the milk yield (see Res. Bui. 425). This 
limitation of grain allowance may account, in part, for the parallelism between 
the TDN consumption and milk production. However, the curves for the ad 
libitum hay consumption (not shown here ) are very similar to the TDN con-
sumption curves. The shape of the feed consumption curves in Fig. 4 in the 
non-lactating Jersey and Brahman cows (which were fed the same amount of 
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Fig. 6. The curves shown above for Holstein and Brown Swiss oows indicate that indi-
vidual cows reacted differently to humidity as regards amount of water consumed. In gen-
eral, the water consumed at the high humidities was less than at the low humidities although 
the number of drinks was usually greater. However, the error was great for some cows due 
to water spillage. The extreme values shown at 95° and 100°F for Swiss-48 and at 100° for 
Holstein-317 includes 2 to 3 gallons of water dipped from the manger at the low humidity 
level and 25 to 30 gallons at the high humidity level. 
grain throughout the experiment ) are strikingly similar to the curves for the 
lactating cows, although the lactating cows may show a slightly greater differ-
ence between the amount of feed consumed at the low and high humidities. In 
examining the feed records closely, it is often noticed that when the amount of 
grain fed is reduced (•as result of lowered milk production) the hay consump-
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Fig. 7. The lower water consumption values at the high humidities may reflect the 
lower moisture vaporization produced and the fower feed consumed. The dry Jersey and 
Brahman cows consumed more and drank more often at the low humidities than at the high 
humidities. 
ti on is increased (except, of course, under extreme temperature conditions when 
appetite is reduced), thus rendering the TDN consumption approximately con-
stant. 
As in the temperature studies, the water consumption curves (Figs. 6 and 
7) show considerable individual variation (partly due to water spillage as 
the amounts shown is the amount drawn from the individual water tanks). The 
cows consumed more water at the low than under the "control" (65°F, 67% rela-
tive humidity) conditions. At the high humidity levels, however, most cows 
consumed less than at the low humidity levels, and some consumed even less 
than when under "control" conditions. This presumably, reflects, in part, lower 
feed consumption and, in part, lower moisture vaporization at the high humidi-
ties (to be reported in Res. Bul. 531). The frequency-but not the amount-
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Fig. 8. The milk oomposition changed with decreased milk production as result of in-
creasing temperature and humidity. (Data obtained by J. W. Cobble and H. A. Herman. ) 
of drinking tended to increase with increasing restlessness of the animals. In 
most of the lactating cows the number of drinks were greater at the high hu-
midity levels. The increase in the number of drinks was associated with lower 
water consumption per drink. 
The butterfat per cent tends to increase with decreasing milk production 
as shown in Figs. 8 and 9. While the total solids percentage apparently in-
crease with increase in butterfat percentage, the solids-not-fat percentage show 
little, if any, change. The specific gravity, of course, decreases with increas-
ing butterfat percentage, that is, with decrease in milk production. 
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SUMMARY 
'f.abular and/ or graphic data on milk production and compos1t10n, feed 
(TDN) and water consumption, and body weight in Holstein, Brown Swiss, 
Jersey and Brahman cows at relatively low and high relative humidities at 
various temperatures show that below 75°F atmospheric temperature, the effect 
of relative humidity on the ab.ove processes is not significant. The effect of 
humidity increases with increasing temperature above about 75°F. This phe-
nomenon, as well as the differences in stress reaction between cattle and man 
to a given level of high humidity and/ or temperature, are "rationalized" in 
considerable detail. 
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TABLE 1 -- TEMPERATURE AND HUMIDITY CALENDAR 
Temper- Relative Length Temper- Relative Length 
ature Humidity of From To ature Humidity of From To 
OF % Perlod (3 pm) (3 pm) OF % Period (3 pm) (3 pm) 
WINTER 1950 
Jerseys Holsteins 
50 58 l~ Oct. 13 Oct. 20 52 67 1 wk. Oct. 13 Oct. 20 
40 56 2 wks. Oct. 20 Nov. 3 40 64 2 wks. Oct. 20 Nov. 3 
40 48 2 wks. Nov. 3 Nov. 17 40 74 2 wks. Nov. 3 Nov. 17 
40 86 2 wks. Nov. 17 Dec. 1 40 48 2 wks. Nov. 17 Dec. 1 
50 70 2 wks. Dec. 1 Dec. 15 50 66 2 wks . Dec. 1 Dec. 15 
12 66 2 wks. Dec. 15 Dec. 29 15 70 2 wks. Dec. 15 Dec. 29 
12 84 2 wks. Dec. 29 Jan. 12 14 65 2 wks. Dec. 29 Jan. 12 
11 62 2 wks. Jan. 12 Jan. 26 17 84 2 wks. Jan. 12 Jan. 26 
50 62 2 wks. Jan. 26 Feb. 9 51 67 2 wks. Jan. 26 Feb. 9 
-------------------------------------------------------------------------------------------------
Summer 1951 
Brahman and Jerse~s Brown Swiss and Holsteins 65 67-c 2 wks. Feb. 23 Mar. 9 65 69-c 2 wks. Feb. 23 Mar. 9 
75 38-1 2 wks. Mar. 9 Mar. 23 75 39-1 2 wks. Mar. 9 Mar. 23 76 75-h 2 wks. Mar. 23 Apr. 6 76 78-h 2 wks. Mar. 23 Apr. 6 
66 70-c 1 wk. Apr. 6 Apr. 13 66 71-c 1 wk. Apr. 6 Apr. 13 
84 40-1 2 wks. Apr. 13 Apr. 27 85 44-1 2 wks. Apr. 13 Apr. 27 85 87-h 2 wks. Apr. 27 May 11 85 90-h 2 wks. Apr. 27 May 11 
65 67-c 2 wks. May 11 May 25 65 71-c 2 wks. ~fay 11 May 25 
93 47-1 9 <!aYS May 25 June 3 94 45-1 9 days May 25 June 3 96 81-h 1 day June 3 June 4 94 80-h 1 day June 3 June 4 94 40 2 days June 4 June 6 94 42 2 days June 4 June 6 95 60 1 day June 6 .June 7 94 60 1 day June 6 June 7 93 40 1 day June 7 June 8 93 44 1 day June 7 June 8 
66 67-c 2 wks. Jwie 8 Jwie 22 66 66-c 3 wks. June 8 June 29 
80 50 2 days Jwie 22 Jwie 24 84 52 2 days June 29 July 1 100 35-1 3 days Jwie 24 Jwie 27 100 40-1 3 days July 1 July 4 100 50-h 1 day Jwie 27 Jwie 28 100 65-h 1 day July 4 July 5 100 75* 1 day Jwie 28 June 29 99 47 1 day July 5 July 6 
66 63-c 2 wks. Jwie 29 July 12 66 62-c 2 wks. Jul~ 6 Jul~ 20 
c = "Control• periods of moderate temperature (650) and humidity (62-70%) shown in charts. 
l = "Low~ humidity periods shown in charts. 
h =· "High" humidity periods shown in charts. 
• Although this 75% humidity level is the highest, the 50% humidity was used in the charts (with the excep-
tion of Fig. 10 since no data was obtained on milk composition at the 50% humidity level) as the time in-
volved is more nearly the same as that of the other temperature levels and also with the lOOOF level for 
the Swiss and Holsteins. 
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TABLE 2 -- HISTORY OF THE COWS 
Average 
During 
Sept. 1950, 
At Beginning of Ex~eriment1 Oct. 19501 or Mar. 1951 or Feb. 1951 
Number Approx. Milk 
of Approx. Body lbs. Butter-
Cow Date of Last Previous Date of Last Age Weight per fat 
No. Birth Date Calving Lactations Breeding Years lbs. day % 
WINTER 1950-51 
Jersey 
----s79 Feb. 5, 1943 May 5, 1950 4 Aug. 1, 1949 7 2/ 3 875 22 4.3 
970 Mar. 20, 1942 May 3, 1950 5 June 29, 1950 8 1/ 2 950 27 4.5 
508 Dec. 14, 1944 June 9, 1950 3 Aug. 28, 1950 5 3/ 4 950 25 5.3 
526 June 1, 1946 May 3, 1950 0 June 21, 1950 4 1/ 3 850 25 5.5 
994 Oct. 20, 1943 July 16, 1950 4 Sept. 25, 1950 7 850 26 6.5 
510 Jan. 19 , 1945 Aug. 10, 1950 3 Dec. 7, 1949 5 2/ 3 925 28 5.8 
Holstein 
100 June 22, 1943 July 10, 1950 4 Sept. 10, 1950 7 1/ 4 1450 dry 
109 Sept. 3, 1943 July 3, 1950 3 Sept. 13, 1950 7 1350 dry 
154 Dec. 25, 1945 Aug. 30, 1950 2 Dec. 10, 1949 4 3/ 4 1300 61 3.4 
129 Aug. 19, 1944 June 6, 1950 3 Aug. 4, 1950 6 1350 48 3.1 
159 Jan. 26, 1946 Aug. 14, 1950 2 Nov. 7, 1949 4 2/ 3 1300 53 4.0 
141 Feb. 20, 1945 Sept. 1, 1950 3 Dec . 2, 1949 5 2/ 3 1250 56 3.6 
SUMMER 1951 
Jersey 
559 May 31, 1949 
------------
0 Jan. 12, 1951 2 650 
549 Apt; 13, 1948 Oct. 21, 1950 0 Dec. 18, 1950 3 825 22 5.2 
999 May 10, 1944 Feb. 10, 1951 4 May 16, 1950 7 980 33 4.8 
979 Feb. 5, 1943 May 5, 1950 4 Feb. 22, 1951 6 950 dry 
Brahman 
209 May 6, 1947 June 29, 1950 2 
------------
4 925 dry 
3 Apr. 25, 1949 
------------ ------------
2 700 
Holstein 
314 June 4, 1948 Oct. 19, 1950 0 Dec. 26, 1950 3 1/ 4 1150 27 3.6 
315 June 7, 1948 Oct. 30, 1950 0 Jan. 28, 1951 3 1/ 4 1100 28• 3.6 
317 June 22, 1948 Oct. 12, 1950 0 Jan. 24, 1951 3 1/ 3 1150 29 3.3 
Brown Swiss 
22 May 1, 1948 Oct. 30, 1950 0 Jan. 20, 1951 3 1150 24 4.8 
47 July 26, 1948 Nov. 3, 1950 0 Jan. 8, 1951 2 2/ 3 950 26 4.0 
48 Feb. 26, 1948 Nov. 28, 1950 0 
------------
3 1150 33 4.2 
TABLE 3 -- MILK PRODU~~· Fi>F.D CONSUMPTION, AND BODY WEIGHT AVERAGED BY RELATIVE HUMIDl~Y L~V~L~ FORTEMPERA-TURE LEVELS 50o, 400, and 15oF (Winter 1950-51) Temper- Humid- "'....._, Temper- Humid-a lure ily ".. Holstein ature ity Jersey OF % 100 109 154 129 159 141 OF % 979 970 508 526 994 516 Milk Production, lbs7day Milk Production, lbs7day 52 66 44.9 44.2 61.1 40.2 46.7 61.4 50 58 16.8 19.0 rn.o 18.6 20.6 32.5 
40 64 41.1 40.4 59.2 36 .5 50.2 58 .0 40 56 16.4 16.3 18.2 13.6 19.8 28.0 40 74 39.2 37.0 55 .8 31.5 47.2 56.3 40 48 12.6 14.2 15.2 13.0 17.0 22 .3 40 48 37.2 29.6• 52.8 28.6 42.4 55.6 40 86 12.5 13.6 14.5 11.2 16.2 20.2 
50 66 34.1 33.7 54.2 21.2• 44.7 55.4 50 70 10.8 11.6 13.2 11.0 17.2 18.9 
15 70 32.2 30.1 55.0 22.1 39 .2 53.5 12 66 7.0 7.5 9.0 9.4 13.7 15.0• 14 65 32.2 28.4 55 .0 19.8 36.3 54.0 12 84 3.8 4.9 4.8 7.0 12.4 9 .2• 17 84 29.0 26.2 50.4 16.6 35.8 53.6 11 62 4.7 4.0 3.2 5.U 12.4 10.6 
51 67 19.2 23.8 46.0 13.8 34 .4 51.9 50 62 4.2 3.4 3.5 5.2 13.4 8.6• 
::0 TDN COnsumplionl; lbs/day TDN Consum~tionl, lbs/day t".I Ul 52 66 28 :5 28.5 28. 5 28.5 27 .4 28.5 50 56 18.5 19.2 19.3 19.1 17 .7 17.7 t".I 
> 40 64 26.3 20.0 30.9 25 .8 26.4 29 .8 56 17.5 19.5 18.6 15.8 lti .9 15.5 ::i:i 40 (") 40 74 23 .6 27.7 31.3 24.2 27.2 29.6 40 48 16.9 20.8 19.4 16.9 16.9 15.6 ::i: 40 · 48 24 .6 21.8* 32.7 24.0 26.3 30.9 40 86 17.3 19.6 18.7 16.2 16.7 16.2 to 
c 50 66 20.4 24 .0 31.6 17.0• 24.1 27.8 50 70 15.6 17.5 16.2 14.8 14.8 14.7 t-" 
t-" 15 70 20.1 22.6 30,0 18.0 ' 26.4 27.0 12 66 15.4 17.2 16.2 15.1 14.6 12. 7* 
"" 
., 14 65 21.4 22.2 30.1 · 18.6 27.3 27 .8 12 64 16.1 16 .7 15.6 15.2 14.5 10.3 • S1 17 . . 84 23.5 21.8 30.5 19.7 27.0 29.6 11 62 17.4 16.2 16.6 15.6 14 .8 14,2 
tn 51 67 20. l 19.4 27.5 19.0 25.0 28.3 50 62 15.l 15.2 15.0 14.3 13.7 9.3• NI ..... 
522 
Body Wel~ht; lbs. Body Wei~ht1 lbs. 66 1445 1351 1301 1371 1277 1232 50 58 676 945 940 658 853 932 
.40 64 1414 1355 1310 1375 1284 1251 40 56 B80 950 925 854 844 914 40 74 1382 1355 1309 1374 1280 1258 40 4C 802 967 906 859 839 906 40 48 1376 1334• 1310 1373 1279 1262 40 86 904 968 916 878 856 914 
50 66 1364 1326 1314 1356* 1282 1242 50 70 896 982 914 882 830 906 
15 70 1362 1346 1312 1358 1292 1226 12 .. 66 920 1000 924 910 iJ52 892• H 65 1370 1362 1322 1375 1303 1229 12 84 934 1012 944 916 867 863• 17 84 1370 1368 1309 1386. 1312 1234 11 62 936 1014 960 932 839 802 
51 67 1370 1370. 1298 t373 1321 1240 50 62 938 1006 950 935 844 861 * 
.1 Tot3.I DigeSlible Nutrients; computed ~ilh the aid of F~ B. Morrison's "Feeds and Feeding", 1948. NI 2 Refused hay not weighed back during this period . 
...... 
• Slck, off feed, during this period. 
!'-..:> ' 
!'-..:> TABLE 4 -- MILK PRODUCTION, FEED CONSUMPTION, AND BODY WEIGHT AVERAGED BY RELATIVE HUMIDITY LEVELS FOR TEMPERA-TURE LEVELS 550, 750, 85°, 950, and lOOOF (Summer I950) 
Temper- Humid- Temper- Humid-
ature lty Jersey Brahman ature lty Brown Swiss Holstein OF % 549 559 999 979 3 209 OF % 47 22 48 315 317 314 Milk Production, lbs/day Milk Production, lbs/day 65 67 20.8 ---- 33.2 ---- ---- ---- 65 69 26.9 23.6 33.8 27.6 27.2 26.8 
~ 75 38 19.8 ---- 31.0 ---- ---- ---- 75 39 26.6 23.5 29.8 25.6 26.1 26.4 Ui 76 75 19.9 ---- 30.3 ---- ---- - --- 76 78 26.7 24.4 28.4 24.7 25.5 25.2 ~ 
c 66 70 18.9 ---- 28.7 ·--- ---- ---- 66 71 25.1 23.8 27.5 23.3 24.5 24;6 :? 
84 40 17.6 ---- 27.1 ---- ---- ---- 85 44 25.0 23.7 28.1 23.8 .23.5 24.4 ~ 85 87 15.2 ---- 20.0 ---- ---- ---- 85 90 21. 7 22.1 24.0 18.0 i6.6 18.0 :? 
(") 65 67 17.8 ---- 24 .3 ---- --- - ---- 65 71 23.8 23.0 27.7 21.2 21.2 21.3 ~ 
., 93 47 15.1 ---- 19.4 ---- ---- ---- 94 45 20.4 22.0 24.5 17.7 14.4 17.2 §i 96 81 12.2 - --- 7 .0 ---- ---- ---- 94 80 16. 7 21. 7 18.2 13.5 6.2 12.3 ~ 94 40 10.7 ---- 6.9 ---- ---- ---- 94 42 14.1 17.4 14.4 13.4 8.2 11.5 95 60 11.0 ---- 10.0 ---- ---- ---- 94 60 15.9 18.5 17 .8 13.9 10.0 13.3 ~ 93 40 10.7 ---- 13.0 ---- ---- ---- 93 44 13.1 17.2 17.3 14.3 10.8 12.8 'C 
l:'1 
~ 66 67 15.0 ---- 18.1 ---- ---- ---- 66 66 20.4 20.9 26.0 18.8 18.5 19.6 i 
l:'1 80 50 11.3 ---- 20.0 ---- ---- ---- 84 52 19.3 19.8 25.0 5.6* 19.2 19.7 :J 100 35 10.6 ---- 17 .6 ---- ---- ---- 100 40 17 .o 18.2 17 .1 7 .9 13.4 14.8 UJ 100 50 8.5 ---- 7.7 ---- ---- ---- 100 65 8.0 10.7 11.0 6.1 3.9 6.0 ., 100 75 6.5 ---- 5.3 ---- ---- 99 47 5. 7 7.3 6.4 4.3 1.1 4.5 > 
::l 66 63 11.2 ---- 16.8 ---- ---- ---- 66 62 12.9 14.1 17.4 11.8 12.5 13.2 ~ 
TDN Consumptionl, lbs/day TDN Consumption1, lbs/day 65 67 12.1 8.3 13.2 11.9 9.0 12.5 65 69 14.8 16.6 15.8 15.2 18.3 15.4 
75 38 12.4 8.9 13.8 11.4 9.5 12.8 75 39 15.8 15.0 16.9 15.8 17.7 16.2 76 75 12.6 10.4 14.6 11.1 9.6 12.3 76 78 16.0 14.7 16.4 15.8 17.2 16.0 
66 70 12.9 10.6 14.7 11.2 9.3 12.6 66 71 16.3 15.4 16.8 15.9 17.1 16.0 
84 40 13.0 10.7 15.3 11.4 9.6 12.3 85 44 16.1 15.2 16.7 15.5 16.8 16.2 85 87 ' 10.8 9.6 12.4 9.8 9,.0 11.3 85 •\ 90 14.8!'. 13.8 14.0 12.{l 13.7 13.8 
'\ , • ... ' • "~·· . ·•· .· · · ·~· . " ·~· .· ·· 06 ·. .,...~ - - ·. • ~~,c'. . "' - - • • u.--.·-,.. n~"!'?~! -.~i~:ft~~ ' ·"'1'•t 2 ' 0:2 ~ ~~ .. ' ' ~~ J,_ -.: ,),~ .:'·n .. n ' 0 ,,;. ~ 11 ~ 
9~!1' 1f6.2 SUI ~ "'"";1.Z. .,._. "8oi. 96,..c! ,.,, ..,...2 8.2i .:;, ii:~< 41[~ jW6 r; 8.!tJ ~ 
94 40 9.2 7.8 7.4 42 
11. 11.8 11.8 10.4 11.2 
95 60 8.7 7. 5 9.4 11.1 60 
11.9 13.1 14.2 11.6 11.7 
93 40 9.6 8.2 10.2 11.5 44 
13.4 13.6 15.5 12.9 13.2 
66 67 12.4 10.2 12.1 11.3 11.4 12.9 66 66 
15.5 17.3 18.2 15.9 15.6 15.8 
80 50 14.7 10.1 13.8 11.9 11.0 11.4 84 52 16.4 
18.9 19.4 11.2* 16.5 17.0 
100 35 10.5 6.9 11.4 7. 1 7.8 9.5 100 40 
11.3 11.2 12.1 7.1 9.5 10.7 
100 50 5.8 4.1 5.3 4.3 5.1 6.4 100 65 
3.6 2.8 3.3 2.2 2.5 2.7 
100 75 2.6 2.0 2.4 1.1 3.8 3.5 99 47 
1.0 .9 1.2 .4 0 1.1 
66 63 11.4 8.3 11.0 8.3 9.9 10.3 66 62 
14 .5 14.5 15.3 12.6 14.2 14.8 
Body Weight, lbs . B
ody Weii;ht. lbs. 
65 67 831 652 975 952 696 91 7 65 
69 960 1149 1158 1112 1165 1138 
75 38 808 660 943 962 727 939 
75 39 987 1132 1128 1102 1154 1135 
76 75 798 675 926 960 736 948 76 
78 1007 1142 1140 1121 1150 1147 ::ti t'1 
en 
66 70 816 679 923 956 743 961 66 71 
1010 1146 1136 1120 1151 1140 
t'1 
> 
::<) 
84 40 810 702 908 978 756 969 85 
44 1007 1134 1118 1110 1152 1144 
(") 
85 87 802 707 850 970 766 980 85 
90 996 1130 1110 1104 1143 1140 
:i: 
t:O 
c:: 
65 67 842 740 876 982 797 992 65 
71 1008 1120 1107 1090 1130 1132 t" t"' 
t'1 
93 47 832 759 842 1002 808 1022 94 
45 1035 1128 1117 1094 1131 1138 
..., 
96 81 838 756 838 992 794 1027 94 
80 957 1080 1080 1078 1120 1118 ~ 
94 40 805 752 818 991 796 1019 94 
42 965 1088 1076 1076 1111 1116 CJl 
95 60 796 745 816 994 805 1025 94 
60 972 1091 1080 1080 1113 1124 
1:--J 
...... 
93 40 802 756 820 992 813 1027 
93 44 994 1118 1065 1069 1127 1113 
66 67 841 772 848 1004 826 1027 
66 66 1008 1080 1063 1061 1079 1080 
80 50 868 810 811 1012 863 1040 84 
52 1001 1163 1124 1066* 1161 1137 
100 35 866 789 821 10G2 859 1047 
100 40 983 1129 1089 1041 1133 1119 
100 50 830 772 794 990 844 1034 
100 65 886 1056 1025 1001 1087 1069 
100 75 816 756 783 983 838 1025 
99 47 908 1060 1003 1009 1063 1063 
66 63 846 780 800 972 852 1028 66 
62 970 1097 1069 1042 1126 1113 
1 Total Digestible Nutrients; computed with the aid of F. B. Morrison's "Feeds and Feeding", 1
948. 
* Had mastitis during this period. 
~ 
w 
